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SYSTEM, APPARATUS AND METHOD FOR PRINTING OF 
THRE&DIMENSIONAL OBJECTS 



FIELD OF THE INVENTION 

101] The piesent inventi<m relates to apparatuses and methods usefel iu 
thEe&-dimensional object pniitiiig. Specificaflya embodiments of the present invention 
leJate to systems, methods, and appazatuses foi helping to improve the quality of printed 
Ihree^dimensional objects. 



BACKGROUND OF THE INVENTION 

[02] Three-dimensional (3D) printing is a process used for the printing of 
three-dimensional objects, for example by printing or hnTlding parts of such objects in 
layers . Such 3D objects may be used, for example, fbi prototyjje parts. 

15 f03] Various systems have been developed for three-dimensional piinting, wherein 
material for object printing is deposited in consecoiive layers according to a 
pre- determined oonjElguration or' in selected anays as defined by, for example, a 
Computer Aided Design (CAD) system cormected to file printing systems. Such 
mateiials may include materials for constructing an object and materials izsed for 

20 constructing si?jpoit structures for an oljject 

[04] According to some apparatuses, ^sterns and mefliods for 3-D printing, 
predetermined or preprogrammed configurations and designs using, for example, CAD 
software, may aim at obtaining as accurate a final pioduct as possible. However, each 
printed product oi model is different, vdiedier in shape, design, size, bulk, composition 
25 and so on, and these dif^ences may be afifected by different factors dming the printing 
process, such as heat, chemical r eactions of the photopolymer material to curing, internal 
strains (e.g., -within the object) due to strains such as, for example shrinkage of the 
materials during curing and/or cooling, environmental Influences within the printing 
apparatus, for example temperature fluctuations etc Adverse effects may take on 
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diflferent foims such as various defozmadGais in liie fimshed product. In addition, the 
quality of the finished product may be afiBscted by these and other &ctoxs. 

SUMMARY 

5 [05] Embodiments of the present inventioii pnovide appaiatuses and methods fbi 
contzolling the quality of printing in thiee-dimensional object-printing systems.. A 
piinting system, according to some embodiments of the present invention, may include a 
piintmg apparatus to print three-dimensional objects; a controller that may piepare Ihe 
digital data that characteiizes the 3-D object foi piinting, and conttol the operation of the 

10 piinting appaiafcus; and a printing tray with a selected adhesion chaiacteristic. llie 
adhesicm characteristic may be, for example, a high adhesion coating for high adhesion 
to the object's building material(s). The suifece coating of the tray may be, for example, 
an anodized ahsminnm coating, which may include^ for example, pores containing a 
fliat acts to adheire to the printed objects.. The poxes may, for example^ be filled 

1 5 widi water.. Alternatively, the printmg tray may be pretreated with water.. 

[06] According to some embodiniBrits of the present invention the printing system 
may include a piinting apparatus to print three-dimensional objects; a controller 
programmed to control the printing ^iparatus; and a piinting tiay with a thermal 
expansion coefficient similar to that of an object to be built The printing tray may 
20 include organic material and/oi" may include material whose thermal expansion 
coefficient may be substantially sinrilat to that of ftie objects being printed.. 

[07] According to some embodiments of the present inveirtion, a printing ^paratus 
for three-dimensional printing may be provided that may include a prin t ing; head (e .g., an 
ink jet head oi anothei suitable material deposit system ox dispenser) to deposit material 

25 fbi a three-dimensional object aprinting tray to sigiport the objects being piinted by the 
apparatus; and a temperature contml unit to control the temperature in the apparatus. The 
teir5)eratuie control unit may include, for «iairq}le, a heating source or mechanism and a 
cooling source or mechanism The temperature contiol unit may be integrated into the 
p3fcting tray. Par example, the printing tiay may include cooling tunnels and/oi heating 

.30 elements and/oi temperature sensors. 
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[08] Accoiding to some embodimeuls of the present invention a ptintiiig ^paiatas foi 
tixree-dimensional piinting xoay include a printing head, a piintLag tray, and a blowing 
unit to cool layers of an object aftex' pixxdng.. In other embodiments such a prindng 
apparatus may include a suddng unit to cool layeis of an object aftei' pnuting.. 

5 [09] Accoiding to some embodiments ot the pieseut invention the piinting apparatus 
for threenlimensional piintiiig may include a piinting sub-system or other suitable 
container >^ch may be insulated foi^ for example, tempesatore control. Ihe cell may 
include a tempezatore control unit. The tempeiatme control unit may include a heating 
source or mechanism aud/or a cooling soince or mechanism. Headng of the cell, foi 

10 exaxEqsle, may be brought about by the tray, which may be heated by heating elements.. 
The pnnting sub-systmi may include matedal dxat naay be reflectcve in the TR 
wavelength region. The piinting sub-system may include at least one insulation 
structure. The piindng sub-^stem may include an upper headng element, radiation- 
source, lamp, or cthei suitable heat souzce, to contt ol the tempei ature of the piintmg 

1 5 sub-system and/or heat the i^per layers of an obj ect being piiated„ 

[010] Accoiding to some embodiments of the pieseot inventioD, tiie prisfing appaiatus 
may include a pdntizig sub-system and an insulation area to insiifate an ol^ect or set of 
objects vAiose printiag may be complete . The insulation area may iaolude a temp^atuxe 
control unit. The printing apparatus may include at least two printing ttays.. 

20 [01 T] Accordmg to ^me embodiments of Ihe present invendon a three-dimensional 
printing system may include a printing nozzle detector' mechamsm. Nozzle status data 
detected by the nozzie detector mechamsm may be computed and/or analyzed by a 
controllei, foi example, using suitable executable code . 

[012] According to some embodiments of the present invention Hie printiag system 
25 may include one or moie levehng devices associated witih a piinting head array. 

[013] According to some embodiments of the present invention the printing systrai 
may iacliide a cming lamp located at a side of the printing bead, and a leveling device 
and/or another curing lamp located at the other side of the piinting head. 

[014] Accoiding to some embodiments of the present invention a piinting a^paiatos for 
30 three-dimensional printing may include a controlira to control constnidion of building 
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material at the base of an object to be printed, and print tfie object on the constiuction. 
The cantiollei may act to dispense biiSding material beneath the base of said object to be 
printed. The constinction may adheie to the object and to a prinling txay on ^vdiich the 
object is to be piinted The construction may provide a banier layer b^we«i the object 
5 and the piintir^ tiay. The construction may provide a carpet between the object and the 
printing tray. The construction may provide a pedestal between the object and the 
printing tray» The construction may raise -Sxe object bdng bidlt i^nthtn the leveling range 
of a leveling device . 

[01 5} According to some embodimei^s of the present invention a pxiirdng apparatus for 
10 three-dunensional piintizvg may include a contcoUer to control lire building of a 
thickening layei' of bnildiag xnatsdal of a predetermined thickness atomid a printed 
object The thickening layer include one or more building matmals . 

[01 6J According to some onbodiments of the present invention apiinting ^aratus for 
three-dimensional piinting may include a controll^ to position a pdzrting ttay at a 
1 5 relatively iigh level prior to piinting, the level enabling compensation fcr shrinkage in a 
previonsly printed and cured layer . 

[017] According to some embodiment of the present invention a printing apparatus for 
three-dimensional printing noay include a controller to control the delzvexy of 
Shockwaves to apiinting bay holding a printed object. 

20 [01 8] According to some embodiments of the present invmtion a printing apparatus for 
three-dimensional piirtting may include a controller to control the printing of a 
three-dimmsional object with an adjacent support construction, the object and the 
support construction being separated by a barrier; the barrier including vacant pixels.. 

[01 9] A ccording to some embodiments of the jn esent invention a printing qspazatus for 
25 three-dimensional printing may include a controller to control the printing of a si:^port 
construction, the support constructing including support material and modeling material 
elements within the support material, the modding material elemeirts being used to 
reinforce the support material.. The suj^oit construction may iuclude a grid of pillars 
within the support materiaL Ihe grid of pillars may be in direct contact with support 
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inaledal, and/ox witii a pjinting tcay. The coBtroUer may contiol constructing of at least 
one srgjport consfauction as a body outline 

[020] According to some embodiments of the piesent iavaition a printing aj^jaiatas for 
ihtee-dioiensional piinting may inoludje a contiollei to detect defective nozzles, and to 
5 adjust prinring cooitlmaiBs to compensate fox the defective nozzles. The controller may 
control adjustment paiametets by print head shifting, piint head movement, and/oi iignit 
data conversfon.. Control of at^nstment parameters may be accordiz3ig to a shift 
algdithm.. The controller may enable pzizxting a first layer of an object to be printed by a 
piinting head having a certain leferenoe fiame; and printing a second layer of an object 
10 to be ptinted by said piixEd^g head, Ihe printing head having a second lafereriice frame 
that is different fiom Ihe first refez^nce fiame.. 

[021 ] Accozding to some embodiment of the present invention a piinting apparatos for 
three-dimensional printing may inclnde a contcoU^ to enable moving a printing head in 
a forward passage wiien printing an object, and adjusting the he^ht of a printing tray 
15 prior to the Inverse passage ofthe printing head. 

[022] According to some embodiments of the present invention a prindng appazatus for 
three-dimensional printing may include a cantrollei to shift the step of a nozzle auay» 
vAeiG said nozzle array includes a large nozzle step. The contt oiler may enable pimtizig 
additional layers in a fiist direction, and lowering the piinting txay for each additional 
20 l^ei piinted in the first duection . Ihe coxitroller m^ enable piinting addrtional layeis in 
a second direction, where the number of additional layers are related to the nozzle step 
divided by the size of the nozzle droplet stain. 

[023] According to some embodiments of the present invention a method is provided 
for three-dimensional object printing that includes increasing adherence of an object 
25 being piinted to a printing tray, T?\dieiein the piinting tray has piedetennined surface 
chamcteiistics , The piinting tiay may include an anodized iayei^ and may have pores 
that may be filled with material that attracts modeling material.. Ihe pores may be filled 
wrih watei . The piinting tray may be pie-treated with water 

{024] According to some embodiments of the piesent invention adherence of an object 
30 being piinted to a piinting tray may be increased by using a printing tray that has a 
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thermal co^deEol substantially simtlai to that of a printed object. The printing tray may 
be made of organic matexial. The printing tcay may be made from substantially sTmilfli 
matezial to a printed object. 

[025] According to some embodiments of the present inventian, tbtee-diTnensional 
5 object printing mefbods may include printing a support constracdcux below the base of 
an object to be printed, such that the constcuctiQn adheres to tihe object and to a printing 
tray on which the object is to be printed. An object may subsequentty be printed on I2ie 
construction 

[026] According to some embodiments of the present invention a printing method may 
1 0 include piintipg a support constmction as a bariiei layer between a pzinliag tray and an 
object to be printed, such that the bartier layer sepatates the lower layers of the object to 
be printed &om the printing tray.. An object may subsegneady be pEinted on fbe barrier 

layer.. 

[027] According to seme embodim^xts of the present invention the tempeiatoie of aa 
15 object being printed may be controlled. The control may be enabled by heating a 
printing tray to a selected temperature during the building of the object The object may 
subsequently be cooled. The selected temperature may be substantially at the glass 
tranjnliqn point oi' a modeling material, or at the glass transition point of a si^oit 
material . The temperature of an iqiper layer of material of an object being printed may 
20 be controlled, by for exarrrple a controller, for exampls^ to a terrqieratine above the glass 
phase transition of the material Such control may be enabled using an electromagnetic 
radiation associated with the curing device, electiomagnetic radiation independent of the 
curing device, exotheimic chemical curing, a heating element, a cooling element, and/or 
othei suitable temperature control elements, such as a temperature seosoi and controller 
25 that operates the cooling and heating elements according to the sensor reading and 
lequiied tempeiature.. The material of the upper layei(s) may be heated before 
depositing.. 

[028] According to some embodiments of the present invention the temperatme in a 
printing sub-system may be controlled during a printing process, using, foi example, a 
30 heating element, a cooling element, a cuiiag unit, a radiation unit, an insulated printing 
sub-system, and/or other suitable temperature control elements. The cooling of the 
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pr ititmg sub-system may be controlled The printiiig tiay may be moved to aa msiHation 
area, whicdh may be, for example^ within liie jainting sub-s3rstem or o'Otside of the 
piiiriing sub-system.. The insulation aiea may incliide a remo'vable stnictuie, 

[029] According to some embodiments of the present invention, a three-dimensional 
5 object printing method may include printing a ^thickening" layei comprised of a svpport 
structure of a predetemuned thickness around a printed ol^ect. The support structure 
may mclude suppoxt mateiial, and/or a combination of suppoit matezial and modeling 
material either as a homogenous mixture or not. The thickening layer may be removed 
after printing is complete. The thickening layer may additionally help prevent die 
10 accumulation of excess material on the sur&ces of the object 

[030] Accozding to some embodiments of the pr^ent invention, a printing method may 
inclxjde printing a first layer of building matexial, curing the first layez of material, and 
printing an additional layet after the first iayet is cured. The printing tray may be 
positioned at a relative height or level that enables compensation for the shrinkage in the 
1 5 paeviously piloted and cured layer.. 

[031] According to soine mibodiments of the present invention a melhod of preventing 
mechanical d^omation of a thiee-dimensional printed object upon removal of the 
printed object firom the printing ttay may include using a printing tray with low adhesion 
characteristics. 

20 [032] According to some embodiments of the present invention a method of preventing 
mechanical deformation of a three-dimensional piinted object txpan removal of the 
printed object &om the punting tray may include exposing the printing tray to cold water 
or oihei cooling means.. 

[033] Accoiding to some embodiments of the piesent invention a method of preventing 
25 mechanical deformation of a tfaree-dimensiona! piinted object upon removal of the 
piinted object from Ihe printing tray may include exposing the tiay to shock waves. 

[034] According to some mibodiments of the present invention a daree> dimensional 
object printing method may include printing a suppoit consttuction on a piinting tray 
prior to printing an object, the support construction includiiig one or more layeis of 
30 modeling material piotruding outside the boimdaiies of ^ base of the object. The 
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modeling material may be coveted witii a support coBStniction, vMch may protrude 
outside the boundaiies of the object. A ttiiD layei of modeling mateial may be deposited 
over the support material The si5>part construction may include a combination of 
modeling material and sxqjport mateial. The support constmction may include one oi 
5 more pillars of modeling material inteispexsed wilh support materiaL 

[035] According to some embodiments of the present invention a three-dimensional 
object printing method may include printing a three-dimensional object \wth an adjacent 
si^^KJrt constructian separated from the object by a barrier- The barrier may include at 
least one set of vacant pixels that may allow fbi the spread of modeling and support 
10 materials into the vacairt pixel bacder and tiius reduce the mixmg of the materials of 
each constructioxL 

[036] According to somie embodiments of the present invention a three-dimensional 
printing method may include printing a si^port oonsttuction that includes support 
material and modeling material elements wtthin the support material, to rrfnforce the 

15 support material. The si:5^rt construction may include a grid of pillars vdlhin tiie 
support materia].. The pillais may be larger and/or more closely spaced at lie outer 
periphery of the support construction. A wall of modeling material may be constructed 
smrounding the support construction The support material may be, for example, 
inteaspersed with modeling material elements . A continuous phase of support material 

20 may be reinforced by model material in the form of, for example, colmnns, membranes, 
and/oi cubes. The support construction may be dispensed as, for example, a body outline 
around a printed obj ect. 

[037] According to some embodiments of the present invention a three-dimensional 
object printing method may include constructiDg a support construction on fhe piiating 
25 tray; and printing an object on top of the support construction, such that the object may 
be built within the leveling range of a leveling device associated with the printing 
apparatus. 

[033] Accorxiing lo some embodiments of the present invention a tiiiee- dimensional 
object printing method is provided that includes detecting problematic no2zles, arwi 
30 adjusting printing coordinates to compensate for the problematic nozzles. The 
adjustment may include controlling print head shifting iu Y (e.g.., the non printing 
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directioii), mpvci conversion, and/oi other suitable adjiistment paiametei'S. A shift 
algorithm may be iised to adjust a printing head. 

[039] According to some embodiments of the piesent invention a method foi highei 
3-D printing lesolution in tiie Y- direction, than may be set foith by lie droplet diameter 
5 may include piinting a first layer of an object to be printed, interlacing, and piinting a 
second layer of an object to be piinted over said first layei. Each of the layers may 
include a portion of inquired pixels.. The jScst layer and second layer have different 
beigb^ values.. A Hard layer may be constriicted ovei the second laysE.. A shift algorithm 
may be used to perform the iiitetladng. 

10 ' [040] According to some embodiments of the present invention a method for 3-D 
printing may include adjustfaig the height of a printing tray prior to the reverse passage 
of a prinfing head printing an object on the printing tray, subsequently printing the 
reverse pass^e by the printing head. The printing tray height may be adjusted. 

[041] According to some embodiments of the present invention, the step of a nozde 
15 array may be shifted, in the case, for example, where said nozde array has a iaige nozzle 
step.. The shifting may include printing additianal layers in the X direction, and lowering 
tihe piinting tray for each additional X direction laym' printed. The method may include 
printing additional layers in the Y direction, such that the number of additional layers are 
related to the nozzle step divided by the sizs of the ruozzle diopiet stain. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[042] The principles and operation of the systma^ apparatus, and method according to 
the present invention may be better understood with reference to the drawings^ and the 
following description, it being understood that these drawings aie given fei illusttative 
25 purposes only and are not meant to be limiting, wherein: 

[043] FIO. 1 is a block diagram of a 3D printer system according to some embodiments 
of 'the present invention; 

[044] FIG. 2A is a schematic illustration of a printing tiay and printing object, 
according to some embodiments of the pteserrt invention; 
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[045] Figs. 2B-2E aie flow chait flhistratioiis of exemplary meSiods of piinting, 
according to an embodnnent of the present invention; 

[046] FIG 3A is a schematic iUusiiatioii of a printing sub-system, according to some 

embodinients of the present invention; 

5 [047] FIGS.. 3B-3C are flow cliait iHnstratLons of exemplary meBiods of printing, 
according to an embodiment of the present invention^ 

[048] FIG. 4A is a schematic illustration of a 3-D support structure with a grid, 
according to an embodiment of the present invention; 

[049] FIGS. 4B and 4C are scihematiG iQustiadons of intei&ce lines in a piintable 
1 0 object, accotxiing to an embodiment of the present invention; 

[050] FIG. 5A is a schematic illustration of a process whereby '"fellout material" is 
formed; 

[051] FIG.. 5B is a schematic iIIu5tra[don of various siqjpoit constructions, according to .. 
some embodiments of the present invendoh; 

15 [052] FIGS... 6A-6D are schematic illustrations of support grids used for printable 
objects, according to some embodiments of the present invention; 

[053] Fig. 6E is a flow chart illustration of an exemplary method of printing, according 
to an embodiment of the present invention; 

[054] Fig. 7 A is a flow chait illustration of an exemplary method of printing, according 
20 to an embodiment of the piesent inveiriion; and 

[055] FIGS.. 7B-7E are scliematic illustrations of higher print resolution procedures 
according to some embodiments of the present invention. 

[056] It -will be appreciated that for simplicity and clarity of illustration, elements 
shown in the drawings have not necessarily been drawn to scale.. Fox example, the 
25 dimensions of some of the elemeixts may be exaggerated relative to other elements for 
claiTty.. Fmther, where considered appropriate, lefeience numeials may be repeated 
among the drawings to indicate corresponding or* analogous elements throughoirt the 
serial views. 
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DETAIUaD DESCRIPTION 

[057] The following desaiption is presented to enable one of oidinary skill in tJie ait to 
mate and use the invention as provided in the context of a paiticular applicatLon and its 
5 requirements. Vaiions modifications to the described embodiments will be apparent to 
those with skiU in the ait^ and the general principles defined herein may be applied to 
other embodiments . Therefor e, the i^esent invention is not intended to be limited to the 
particular embodiments shown and described, but is to be accorded the widest scope 
consistent with the principles and novel features herein disclosed. In other instances, 
10 well-ktiown methods^ pr ocedures^ and components have not been described in detsdl so 
as not to obscure the present invention. 

[058] It is noted that the term 'T^uilding material" as used herein may include model or 
**modeIing'' material, support material^ mixed material, and/or any suitable combination 
of materials -used in the building, forming, modeling, printing or other' iconstruction of * 
15 three-dimensional (3D) objects or models. Buildizig mal^dal may include matedal used 

to create objects, material used to modify such inateiial (e g., dyes, fillers, etc), supporl ^ 
material, or odier matftrial used in the creation of objects, ^^^^ther or not spearing in 
the final object.. The tcnns ''structure" or "construction" as used herein may include 
diSeaent types and/oi conibinations of buHdiDg materials. For e^canxple, support 

20 constructions may include pillars built fiom modeling material sunt>unded by support 
material.. A construction including a single, homogenous material may also be regarded 
as a structure or construction according to embodiments of the present invention. The 
term "object" as used herein may include a structure that includes the object or model 
desired to be built. Such a stnictuie may, for example, include modeling material alone 

25 or modeling material witii support material. The terms "siqjporf* or "support 
construction" as used herein may include all sttuctmes that are constnrcted outside the 
area of -Bie object itself . The terms *layat^* or "slice" as used herdn may include portions 
of an object and/or accompanying support s&ucfiares optiorrally laid one above the other 
in Z direction. The word layer may also be used to describe a three- dimensional 

30 envelope or skin 
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[059] The piintmg system and system components according to embodiments of the 
present invendon may "be snmlai to and nse or be based on aspects of embodiments 
described in United States Patent Numbers 6,259^62, issued March 1, 1999, titled 
"APPARATUS AND IMEIHOD FOR THREE DIMENSIONAL MODEL PRINTING"; 
5 and 6,569,373, issued May 27, 2003, tMed "COMPOSITIONS AND METHODS FOR 
USE IN THREE DIMENSIONAL MODEL PRINTING", as weU as United States 
Patent AppHcations Numbers 09/412,618, filed October 6, 1999, titled "SYSTEM AND 
METHOD FOR THREE DIMENSIONAL MODEL PRINTING"; 10/424^732, filed 
April 29, 2003, titled "COMPOSITIONS AND METHODS FOR USE IN THREE 

10 DIMENSIONAL MODEL PRINTING'*; 10/101,089, filed Maich 20, 2002, titled 
'SYSTEM AND METHOD FOR PRINTING AND SUPPORTING THREE 
DIMENSIONAL OBJECTS"; 09/484,272, filed Tannaiy 18, 2000, titled '^SYSTEM 
AND METHOD FOR THREE DIMENSIONAL MODE"; and/or 10/336,032, filed 
Tannaiy 3 , 2003, titled 'T^EVICE, SYSTEM AND METHOD FOR ACCURATE 

15 PRENTING OF THREE DIMENSIONAL OBIECTS", alL assigned the common 

assignee of the present invention and Mly incoipoiated herein by reference., Howevet, 
the piinter system according to some embodiments of ^ present invention may also 
have other configurations and/or other methods of operation. For' example, the printer* 
system accor ding to the present invention may include more than oae prdnting head, 

20 and/or more than one material dispeoser, positioner, cm«aL; imager, illuminator, levelei, 
smsor, cartridge, oarlridge valve, etc.. In furliiei embodiments, layei-by-layer deposition 
need not be used, and otiier curing or solidifsring methods may be used The printing 
head may include, for example, an iak jet head or another suitable material deposit 
system or dispenser. 

25 1060] Accdding to various embodiments of the present invention, the materials that 
may be used m^ be similar to the materials described in the aforementioned US Patent 
and US Patent applications.. For example, photopolymer materials cuiable by the 
application of dectiomagnetic radialion oi other materials suitable for 3.D ol^ect 
consiruction may be used. The photopolymer material may be of various types, 

30 including, for example, a photopolymer modeling material which may soUdify to form a 
solid layer of material upon curing, and a photopolymer support mateiial which may 
solidify, wholly or partially, or not solidify upon cuiing, to provide a viscous material, a 
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soft gel-like or paste like fbim, and/or a semi-solid foimr foi' example, that may be easOy 
removed subsequent to printrng. Ihe various types of pkotopolymei' material may be 
dispensed separately ox in any given combination, according to liie bai'dness and/or 
elasticity of tiie object desiied to be fbnned or any of its paits, oi flie support 
constxuctiQins required to piovide object snppoit during constxiictiQn. Mateiials other 
than those described in the above patents and applications may be used., 

[061 J Tie 3-D object being printed may consist predominantly of modeling material 
and may or may not be combined with, support naatexial> in varying ratios and 
combinations, accozxiing to the strength, elastidty or appearance desired for the finished 
printed object Such combination of materials used for the building of the object ot 
model itself is termed the '"modeling construction". 

[062] "Support constzuctions'% on tiie other hand, may consist piedominantiy of 
support material^ ^winch may or may not be combined widi building material in ^^oying 
ratios and combinatio3is according to the desired strength, elasticity and so on of the 
si^port constnictiozL Si^pozt cdnstructions may be printed a^acent and/or aro\md part/s 
or all of l&e modeling construction/s accoiding to tiie pmpose wMch the support 
constniction/s are to seive. 

[063] A third type of construdion Uiat may be prirrted is tlie ''release" construction, 
vMch may consist predominantly of si^port material (optionally with a relatively small 
element of modeling material). Release construcdons may not solidify or may solidify 
partially to form a relatively soft layer or layers of material, to liable easy release fiom 
a pinted object. For example^ the release layar may be a viscous liquid material^ 
paste like material, gel-like matsiial and/oi semi-solid material etc., according to the 
requhemexrts of the object and die purpose whidbi the release layer may be to serve in the 
printing process. 

[064] US Patent No 6,259^962 assigned to the assignee of the present application and 
incoipoiated herein by reference, describes, inter alia, embodiments including an 
apparatus and method for 3-D object printing- The apparatus may include, for example, a 
printing bead, foi example an ink-jet type ptinting head, having a plurality of nozzles 
through ^s^toch building mateiials aie dispensed, and a dispenset connected to the 
printing head for- selectiveiy dispensing mateiial in layers onto a printing tray. The 
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printtng head may diaw material fiom a leservoir containing the mateiiaL The neservoir 
may be connected to the printing hea4 and may supply the material via a tube or tabes 
to the planting head. A common type of i^servoii may consist of a container, such as a 
cartridge, containing building material Other types of leservoks and feed systems may 
5 be used, rhe appatatus may fiirlhei include an dectiomagnetic radiafion mechanism for 
optionany cmmg each of flie layers of maieiial deposited. The location of depositing, 
and the m^rnrnt and/or type of material to be deposited may be controlled by Ute 
^paradis' controller as preprogrammed ftom a 3-D data file- The depth of each 
deposited layer may be controlled by selectively adjusting the otitpat fiom each of the 

10 plmality of nozdesu 

[065] The building materials used in the process of construction of 3-D objects 
according to some embodiments of the present invention are described in US Patent 
AppKcation 09/412,618 and furfhei in US Patent AppUcation No. 09/803,108, both 
assigned to the cunent asagnee, and both of which are incoiporated herein by reference. 

15 Briefly, in one embodiment there aie two main types of bnilding materials used: 
"modeling material" or "model material", being the first building material substantially 
as described in the aforementioned patent applications assigned to the cimient assignee, 
and "support material", being the second building material substantially as described in 
the aforementioned patent appEcations assigned to the current assignee.. Of course, other 

20 materials, other nuinbers of materials and other combinations of materials may be used. 
[066] As described in US Patent Application No. 10/101,089 assigned to the cmient 
assignee, and incorporated herein by refer ence, a relatively solid support structure may 
be formed using modeliag material, for example in the form of narrow vertical pillars 
joined by horizontal membranes, around, between, and/or within which si^port material 

25 may be dispensed. The support strucfare, when cur ed, may provide a semi-solid support 
construcrion for the 3-D object berag built Siqrport material may be dispensed alone and 
may remain uncured for various purposes, for example, to form layers oi 'release* 
between the soUdiBed object and its semi-solid support constmctions for* easy separation 
of the two types of construction after printing is complete. 

30 [067] US Patent Application No.. 09/484,272, also assigned to the current assignee and 
incorporated herein by reference, incliides fbi* example an embodiment having an 
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aj^aiatus in the foim of a leveling device which may follow in the path of the apparatus' 
piinting head. This leveliag device may serve to straighten the most lecenti^- laid layer 
of materials before curing, thereby naiiowing each layer to its deared depth and 
eosuxxDg consistent ^spread' of the materials withiQ the layer, in preparation for the 
5 deposit of the next layer of materials. Excess interface material gathered en route by tire 
leyeiing device may be cleaned off the leveling device and disposed of after separate 
curing. 

[068] The various construcrtions compiismg each layer (e.g., modeling, si5}poit and/or 
release, as required) may be deposited in the same passage of the piinting head in the 

10 X-Y axes, according to, fen example, a predetermined CAD configuration -which may be 
converted, for example, to a Stereo Lithography (STL) format, and progtarmned into an 
^Tpaiatus control uint. The CAD cozrfiguradon may determine, for example, the amount 
of building Tnafffrial^ the type of buildizi^ material and various combinations of materials 
to be jetted ftom the nozzles^ and may determine jQcom which nozde and at wbidi points 

15 buHding rnaterial may be jetted fiom each nozzle during the course of deposit of a single 
layer of matedals.. Olher data formats may be nsed. 

[069] When priirtmg, the ptinting head may move in the X-Y dhection, deposxtmg the 
materials in the course of its passage over the printing tray oi printing area, in a 
predetermined configmation. This forward passage of the printing head may be followed 

20 by curing of tiie deposited material by a source of electromagnetic radiation In the 
reverse passage of the printing head, back to its staitiag point for the layer just deposited 
(point 0 on the X-Y axes), an additional deposition of materials may be canied ou^ 
according to predetermined ccnfLguration In the reverse passage of the pinting head, 
Ihe second part of the layei thus laid may be straightened by a leveling device, for 

25 example, a roller or blade^ which may, for example, follow in the path of the printing 
head in its reverse movement, and then the Ihus straightened layer may be cured by 
rrieans of electromagnetic radiation. Since the movement of the leveling device may 
follow the reverse r oute of the printing head, the first pait of the layer deposited in the 
printing head's forrord movement may be thicker than the second part of the layer 

30 deposited in the printing head's reverse movement. CAD configuration of the firial depth 
or height of each layer, for example, may take into account the final desired thickness of 
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each single layer after fbiward and inverse movements of the prinidng head at each 
height of the printing apparatus on Uie Z axis. Ofhea: movement, casing, and leveling 
sequences may be used. For example, a leveling procedure may be performed at other 
times.. 

5 [070] Once the piinting head has returned to the 0 position (staiting point) in the X-Y 
axes, the piinting tray may be lowered in the Z axis to a piedetermmed height, accoiding 
to the desired thickness of the layer subsequently to be printed, and ftie p rinting head 
once again may begin its movement in the X-Y axes as predetennined. The tray need not 
be lowered. The starting position of the piinting head may be adjusted in the Y axis, foi 
10 example, foi finfhei piinting in the X axis at the same Z height as the prevLously 
. deposited layer . 

[0711 As described above^ adverse effects in printed objects may take on different 
foimsi, for example, various defonnatioos and/or defects in the finidaed product. 
According to some ^nbodiments of the present invention, methods and apparatuses may 
15 be piovided that may help in improvmg the quality, strength, appearance, and/or ^finish' 
of the -Fmal product. For example, these apparatuses and methods may help in preventkig 
deformation of 3-D printed objects, aiding construction using support materials, and 
ino^Hoving accuracy of printed 3-D objects, as are described in detail below. 

[072] FIG- 1 is a block diagram of a 3D printei system 100 accoraSng to an exemplary 
20 embodiment of fee preseart invention. 3D printer system 100 may include, for ejcample, 
a CAD module 102 oi other design module, controller 105, and printing apparatus 140- 

[073] Controller 105, which may pi^are the digifcal data that characteiizes a 3-D object 
for printing, and control tbe operation of die printing appaiatos, may include, for 
example, a processor 110, amanory unit 115, software code 120, and a communications 

25 unit 125. Other configurations may be used for a controller ox control unit. Control 
functionality may be spread across units, and not all control functionality may be within 
system 100.. For exanrple, a separate unit, such as a personal computer or workstation, 
or a processing unit within a supply source such as a caitridge may provide some control 
or data storage capability.. Communications unit 125 may, for example, enable tiansfer 

30 of data and instructions between controller 105 and CAD module 102, between 
controller 105 and printing apparatus 140, and/or between contiollei 105 and other 
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system elements.. Controllei 105 may be suitably coupled and/or connectEd to varioiis 
components of printing apparatus 140.. 

[074] Printing apparatus 140 may include foi example po5itioner(s) 155, material 
dispensei(s) 150, material supply unit(s) 152, and piinting sub-system ISO Piinting 
sub-system 180 may include a printing box 145, and a printing tray 170.. Printing box 
145 may include piinting head(s) 146^ piinting no2zle(s) 147, leveler(s) 157, curea:(s) 
159, and other statable oon5)on®Qts, Positioner 155, oi othei suitable movement devices, 
may control the movement of printing head 145.. Levelei oi leveling device 157 may 
include, for example^ a lollei oi blade oz oth» suitable leveling mechanism. Piinting 
head 145 may be, foi example, an ink jet head or otbea:* suitable punting head. 

[075| ContEoUei 105 may nttlize Computer Object Data (COD) lepiesenting an object 
OI a model, for example, CAD data in STL format Other data types or formats may be 
used. ConttoUer 105 may convert such data io instructions for' fte various units vrithin 
3D piinter system 100 to print a 3D object ControUer 105 may be located inside printing 
^aratus 140 or outside of piinting apparatus 140. Contiollear 105 may be located 
outside of printing system 100 and may conunusicale vrith printing system 100, foi 
example^ over a wire and/or using wireless communications. In some embodimeixts, 
controHei 105 may ioclude a CAD system or other suitable design system. In alternate 
embodiments, controller 105 may be partially external to 3D printer systein 100 . For 
exai3iple, an external coiriroi or processing unit (e«g a personal computer, workstation, 
computing platform, oi other processing device) may provide some or all of the printing 
system control capability- 

[076] In some embodiments, a printing file oi oth«: collection of print data may be 
prepared and/oi provided and/or piopammed, foi example, by a computing platform 
connected to 3D printer system 100. The printing file may be used to determine, for 
example, the order and configuration of deposition of building material via, for example, 
movement of and activation and/or non-activation of one oi more no2zles 147 of 
printing head 145, according to the 3D object to be built. 

[077] Controller 105 may be iniplemented using any suitable combination of hardware 
and/oi software. In some embodiments, coirtrollei 105 may include, for* example, a 
piocessci 1 10, a memory 115, and software or oper ating instructions 120- Processor 1 10 



wo 2€04/0Sa323 



PCI/IL2003/001024 



may include conventional devices, such as a Central Piocessing Unit (CPU), a 
microprocessor, a "computei on a chip'', a micao controller, etc. Memory 115 may 
include conventional devices such as Random Access Memoiy (RAM), Read-Only 
Memory (ROM), or othor storage devices, and may include mass storage, such as a 
5 CD-ROM or a hard disk.. Controller 105 may be included vritiiin, or may inchide, a 
contputing device such as a personal ccmputer , a desktop cornputer, a mobile computBr, 
a l^txjp carr^nder, a server computer, oi workstation (and fbus part or all of the 
fiinctioriality of contionei 105 may be external to 3D printer system 100). ControUei 
1 05 may be of otiber configurations, and may include other suitable componeats.. 

10 [078] According to some CTubodim^rts of the preseirt mveotion, material si^jply uDit(5) 
152 may supply buildiag materials to printirig ^aratus 140. Building materials may 
include any suitable kind of object building material, such as, for exan^le, 
photqpolymeis, wax, powders, plastics, metals, and may include modeling material, 
support material and/or release material, or any alternative material types or 

15 combmations of material types. In some embodiments of the paresent invention, the 
building materials used for construction of the 3D object are in a liquid form. Such 
materials may be similar to those described in embodiments of US Patent Number 
6,569373 and US Patent AppUcation Nmnbers 09/412,618 and 10/424,732, all of &e 
same Assignee, and incoxpoiated herein by reference . In an exemplary embodiment of 

20 the pr esent invention, the modeling and/or support materials used are pbotopolymers that 
may contain material cur able by electro-magnetic radiation and/or electron beams etc. 
Ihe materials may come in difBsrent forms, textures, colors, etc. Other- suitable 
materials or combinartions of materials may be used 

[079] The 3-D object printing process as described in US Patent No . 6,259,962 and US 
25 Patent Applications 09/412,618, 09/803,108, and 10/101,089, all assigned to the current 
assignee and incorporated herein by reference, may include a method of printing a 3-D 
object on a layer-by-layer basis. For example, printing an object may include dispensing 
tnodeling and/or snppoit materials on alayer by layer basis according to a predetermined 
configuration, fiom a plmality of nozzles on the apparatus' printing head. The building 
30 material(s) may be dispensed at a given temperature in a Suid state to fean a layer; and 
after dispensing each layer may optionally be cured by, for example, a somce of 
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electromagnetic radiation.. The "building material(s) may solidify as a result of cuiing and 
subsequent cooling . 

[080] Printed 3-D objects^ hovf&vei, may be deftamed or have defects. Factors that 
may contribute to such deformations and defects niay include, for example, intenial 
5 stress forces due to the photo-polymerization curing process, for example residual 
polymerization occurring after primacy craing of lower layras or accumulatiTO stress 
gradients within the printed object Additionally, traipeiatuie vaiaances between levels 
of layers and/or betwem the laid layers and the mtonal apparatus 'enviionmerrt' may 
cause deformations m the printed object. Fuithennoie, mechanical forces, fer example 

10 damage caused during removal fiom the piintmg tray, may leads to deformations of 
printed 3-D objects.. Various embodiments of the present invention are provided to 
mwiimigR drfotmatton of a printed object during and/or after the printing process. 
[081] For esKunple, solidification of building material(s) may caxise s hr r nkRg e of parts 
of the object or the whole object,, In addition, ccioling or other temperature changes of 

15 the material after it has been dispensed and cured may cause additional shrinkage.. After 
a number of layers have been laid, there may be a difference between the uppermost, last 
laid layers and the lower layers of material, both in tenqjeiature and in the extent to 
which the dlEEerent layers have been cured. For example, the uppermost layers may be 
warmed by the curing radiation and by the exothenruc chemical cuiing process that 

20 evolves.. The lower layers, in contrast, may be cooler, as they may have had more time in 
which to cool, and may have been cooled in a colder rarvironment as compared to the 
uppK layers.. In addition, with each passing of the printing head over the 3-D olgect 
being buHt, repeated irradiation of the layers beneath -fee uppennost layers of material 
may cause a dijBference in the extent of cuiing between the lowca: layers and the 

25 iqjpennost more recently laid layers. These and other differences m temperatnre and 
cming between upper and lower layers may cause stress between the various layers of 
the object, and may lead to a variety of deformations Other embodiments may not 
experience such tempeiatuie difieiences oi radiation differences.. 

[082] One appearance oi deformation that may occm is die lifting or 'curling' of the 
30 base edges of the 3-D object upwards. This phenomenon may relate, for example, to the 
excess of repeated UV r adiation that the sides are exposed to, which may cure the sides 
more than the cent^ of the object. Curling up of the edges of the base of the object may 
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also result fiom the lowei tempeiEtuiie of the sides of the object, wMch may shmk in 
relatimito the ceatBi of the object. In othec situadozis, the center of the object rather than 
the sides may lift dae^ for example, to the strongei shrinkage of the lowei layer with 
reject to the upper layers, as described above. Cnring usixig methods other than UV 
5 may be used. 

[083] Another form of defomiation that may occur is the sideways 'bending' of vertical 
walls of the printed object. The sides of the object being printed may be exposed to 
repeated radiation {e.g., UV radiation) and to more cooling than the center of the object. 
Furthermore, difTerent sides of the printed object may be exposed to diSferent amounts ot 

10 radiation and cooling etc. These influences, for exair^le, may cause fhe object to be 
elongated more on one side than the other, Iherefinre causing the walls to bend. 
[084] According to some embodiments of the present invention, components and 
methods are provided to keep a printed object frrmly adhered to tte piindLng tray, 
possibly minimizdng or preventing deformation of a 3-D object during and/or after 

15 prinfing, and/oi providing other benefits.. 

[085] Reference is now made to Fig. 2A, which is a schematic illustradon of various 
support layers priating elements tliat may be jnovided, according to some embodhnents 
of the pr esent invention.. Printing tmy 170 may be coated with a suifece coating 202, fer 
e?:ample» an adhesive coating or layer that has chaiacterislics appropriate to enable high 

20 adhesion to the object's building niaterial(s). These charactenstics may be, for example, 
mechanical or chemical in nature. One type of sur&ce coating 202 may include, fbi 
example, an anodized layer (e g-, coated electrolytically with a protective or decorative 
oxide) laid over, for example, a smooth aluminum siniace. Another type of sur&ce 
coating 202 may include an anodized layer with pores that are filled with modeling 

25 material or any other material that may chemically fit and attract the modeling material . 
An additional type of surface coating 202 may be an anodized coatiQg with pores that 
are filled wi^ water.. Other suitable materials and surface constructions may be used . 
[086] According to some embodiments^ printing tray 170^ and optionally surfece 
coating 202, may require fiequerrt cleaning with, for example, water (as opposed to 

30 solvents, e..g.., alcohol) to increase adherence of the bmlding material to printing tray 
1 70 Printing tray 170, according to some embodiments, may require prctreatment with 
water. 
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[087] Accoiding to some embodixnents of the poresent invendoiL, printing appaiatus 140 
may provide a relatively tfain membiane, appendage, or caipet 210 of bmlding materia] 
below and/or ax oimd the base of the object being printed 200.. This appendage oi carpet 
210 to the base of the object being pxinted may include, foi example, one or more layers 
of modding matecial. In cases vAbtg caipet 210 may tend to lift £:t>m ttay 170, the 
poitions of catpet 210 that protrude out of the boundaries of the base of object 200 may 
be coated with one or more layers of suppoit matoiial 215 that may protect ciaipet 210, 
for exffrnple, from additional cuzing, and may help keep carpet 210 flexible and adhesive 
in textme.. Di order to coat the carpet ed^s, one or more layers of supporting maleiial 
215 may protrude outside the carpet's circumf«:eiice thereby covering the catpet In 
addition, above the layers of suppoit material 215, an additional layer or layeis of 
modeling material 220 may be added to strengthen caipet 210 during printing. Caipet 
21 0, vdiich may include, fox example, soft and adhesive si5>port layeis above and around 
it may be effective, for example, in preventing air, radiation etc. jSrom infiltrating 
between the base of object 200 and tiay 170, thereby helping prevent detachment of 
object 200 fiom tiay 170.. 

{088] According to some embodiments of the present invention a siqpport pedestal 230 
may be provided to help ease the removal of a printed object from the printing tray and 
thus may help prevent defonnation by mamial or mechanical damage.. A suppoit 
pedestal may be deSboed as a part of the siq^port structure that may be lower than the 
lowest point of the object. Sitppcfxt pedestal 210 may enable easy lelease of printed 
object 200 fiom printing tiay 170, may improve an olgect's accuracy in the Z dhection 
(height), and/or may improve an object's accuiacy in the X-Y directions, Su^jpoit 
pedestal 210 may be provided, for ^^h^le, by printing extra suppoit construction layers 
underneath the object and/or the objecf s adjacent siqjport constructions. The pedestal 
may be, foi example, a matrix of suppoit construction layeis that may be pre-configured 
to be printed beneath the object (e.g., between the object and the tray),. Such a suppoit 
matrix may be planted piioi' to the laying of the first layer of the 3-D object to be built, 
and may include suppoit material and/or a combination of modeling suppoit, release 
and/oi' othei' mateiials.. The supporting pedestal may be constructed fiom modeling 
materials that, foi* example, may not tend to lift fiom the tray, and therefore may not be 
required to be Stmly attached to the tray. Such modeling materials may, for example, be 



21 



wo 2004/050323 



PCT/IL20O3/O01024 



10 



characterized by being soft and of a flexible nature. Support pedestal 210 may be 
constructed from regular support construction, or may be more rigid and sUcky so as to 
enhance adherence of the object to the pedestal. Such constnrction may be composed, 
for example, of densely spaced ftm piUars made of modeling material wlh support 
material iohbetween. Other suitable pedestal coostrucdons may be used. 
[089] Inaccuracies m Z may occur at the lowest layers of the prrnted object Has may 
be because the top surfece of the tray at Z start level (Ihe Z level of tbe tray ^en 
piintfaig starts) may not be exactly at a hei^ wMch enables the leveling device to reach 
and thus level Ihe first layers deposited in fbe prmting process, when the levelmg device 
may be at its fewest pomt (cg^ because of inaccuracy m adjustments and/or mcomplete 
flatness and h0ri2x»n of the tt^ etc).. As a result, the lower layers of the prirrted object 
may not be leveled by tiie levding device and Ihraefore then: thickness may be greater 
than Ihe designed layer thickness, therefore increaang the height of tbe object as printed 
in contrast to the object as designed. The use of a pedestal constfaction under the lowest 
15 point of the object may solve this problem by speciftdng that the height at ^^4iich printing ' 
of the actual object may starts may be the height at vMch the pedestal itself may be 
significantly leveled by the leveling device, 

[090] According to an embodiment of the present invention, pedestal 210 may provide 
a barrier between object 200 and tray 1 70. Barrier layer 230 may have a structure of 

20 similar construction to the main sappoA structnre 215, but not necessarily equal to 
siqjport structure 215. For example, the baniet layer may be a relatively soft layer, and 
may measure, for exanqjle, a few tenths of a millimeter m height The banier layer may 
have any other dimensions The banier l^r may provide a barrier betweeai the Hay and 
the object, vrfridi may have dissimilar thermal coeffideots, sudi that lower layers of 

25 printed object 200 may not be direcfly exposed to the surfece of tray 1 70.. The usage of 
soft barrier may requhe the object to be constructed &om modeling material that does 
not tend to deform vrben. not bound strongly to tray 170. 

[09 1] Refetence is now made to Fig. 2B, which is a flowchart illustrating a method for 
iircproved quaHty printing of 3-.D objects, according to some embodiments of the present 
30 mvention As with aU embodiments of the method of the invention discussed herem, the 
apparatuses discussed herein can effect the embodiments of the method. For example, a 
controller as discussed herein may control various aspects of a suitable printer (e.g., a 
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movemisiit control device, a temperature control device, piint heads, etc) to effect a 
suitable embodiment. Fuithermoie, other suitable apparatuses may be used to efiect 
various embodiments of the method. As can be seen with reference to Fig.. 2B, the 
method may include, at block 20, printing a constEUcticm of bnildiag material, such as a 
5 carpet, below and/or around titie base of the object to be printed, such that the 
constcuction may help the object to be piinted adhere to Ihe pinting tiay; and, at block 
21, printing the object. Other steps and/or series of steps may be nsed.. Ihe caipet or 
patt(s) of the carpet may be printed in the same X. movem.cnt as Ihe printing of the obj ect 
and/cn' its support constzuctions, or in altemafive X movemejits, or* in Y or Z movements- 

10 [092] Dunng a printing proce^ or afiei prmting is finished, Ihe bottom layers of an 
object 2(K) and tray surface may cool simultaneously. In the case where the tray is made 
of metal and the printing mateiiais are plastic, for example, thermal expansion 
coefficient of plastic may be significantly laiger than that of metal.. In the case where 
there is a ^ong adherence of object 200 to tray 170, the bottom layer s of object 200 and 

15 the tray surface may shrink by a similar amount, since the object shrinkage may be 
partially determined or controlled by the tiay shrinkage, despite the large diHerence in 
the ahiinkage coefficient of the two componettts . The amount tiiat an object layer may 
shrink may gradually increase when the built layer is further apart fiom the tray.. The 
difference in shrinkage between the bottom layers and the higher layers may therefiTO 

20 irttroduce advise stress in the printed object, and may cause, for example, uneven 
dimensional errors in various parts of the object 

1093] Reference is now made to Fig. 2C, which is a flowchart illustratmg a method for 
improved quality printing of 3-D objects, according to some embodiments of the present 
invention. As can be seen with refemce to Fig 2C, the method may include, at block 
25 22, printing a barrier layer- of building mafceiial between a printing tray and an object to 
be primed, sruch that the bairiex layer may separate the lower* layers of the object from 
the tray; and, at block 23, printing the object Other steps and/oi series of steps may be 
used. Otfaei steps and/or series of steps may be used. 

[094] In another embodiment of the present invention, a tray 170 may be provided that 
30 has a thermal coefficient similar to that of object 200. Per example, ttay 170 may be 
made of organic material or of the same or similar material to the object material, for 
example, a plastic thai has a thermal coeJEQcient similar to that of the printed layers of 
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building material. It may be necessary, jfor example, foi the organic material to have a 
low thermal conductivity.. The usage of such a material for tray 170 may enable tray 170 
to expand and/or coDlract at a rate equivalent to that of the building material, which may, 
for example, decrease the strain and mroimize deformatioa due to difBsiences m thennal 
5 tendencies.. 

[095] According to some embodiments of the present invention, printing tiay 170 may 
be warmed prior to printing of a 3-D object, to a temperature that is, fer example, close 
to the glass transWon point of the modeling and/or sipport materids, by, for example, a 
teanperature control unit 204„ Printiris tray 170 may subsequently be aUowed to 

10 gradually cool down after printing, for example, causing a controlled, giadual cooling 
down of the initial printed layers^ In this way the cured material of tiie initial layers may 
remain for a relatively long time in near flow-able state, and may thus attain close 
contact witix tiie molecular lattice of tray 170, resulting in firm adherence of the printed 
object to the printing tray after soUdii^ritig., In other embodiments, tray 170 may be 

IS heated before the start of printing to such a temperature that the shrink of the ttay and 
object during and after printing due to a tempeocature decrease are controlled to best fit 
each other, for example, by shrinking to a substantially similar amount. Tray heating 
may be peifcrmed by temperature control uoit 204.. 

[096] Reference is now made to Fig, 2D, which is a flowchart iUustcating a method for 
20 improved quality printing of 3-D objects, according to some embodiments of the present 
invention As can be seen with reference to f ig. 2D, the mettiod may include, at block 
24, heating printing tray 170, for example usir^ tempeiatuxe control mnt 204, to a 
selected texrrperatme, for exanq)le, such that the tempaatuie may be substantially at the 
glass transition point of the modeling and/oi support materials- At block 25 an object 
25 mi^ be printed. At block 26, the tray may be gradually cooled at a selected rate, using, 
for example, temperature control unit 204. In such a way adhesion of the object to the 
tray may be enabled, and/or the respective shrinkage of the object and the tiay may be 
controlled.. Additionally or alternatively, tray 170 may be cooled using temperature 
control unit 204, to enable adherence of an object to tiay 170. Other heating or cooling 
30 temperatures and/or mechanisms may be used Other steps and/or series of steps may be 
used. 

[097] According to some embodimerrts of the presrat invention, a method of 
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preventmg and/or Tsmnwinxig defoxmati<^ caused by thetmal inconsistencies between 
inner and outa pazts of a pzinted object may be perfiamed by constmcting a 'thickeoing' 
Qi outer covezing of suppoit sttuctcne of a predetennined thickness aionnd the external 
smiace of the pinted object. This coveiing may, foi example, shield the object's 
e?cteinal smfac^ from dispipportionate cming and/oi uneven beating or cooling . 
[098] Referen.ce is now made to Fig- 2E, wiiich is a flowchait illustrating a method for 
improved quality printing of 3-D objects, according to some embodiments of the present 
invention. As can be seen with refexence to Fig. 2E, the method may include, at block 
27, piinting a thickening iayei' of building material of a predetexmined thickness around 
the external surface of a printed object, and» at block 28, cooling tioe object Othez* steps 
and/oi series of steps may be used. 

[099] Reference is now made to Fig, 3A, which is a schematic illustration of piintii^ 
sub-system 180 or printing cell, 'wiiich may indnde various printing components, 
according to some embodiments of tiie present invention. Printing sub-system 180 may 
incl\3de, for example; a blowing unit 330 and and/or a sucking umt 340, for respecnvely^ 
cooling of printing sub-system 1 80 by sucking hot aii' or odxez substances ont of piisting 
sub-systena 180 and/or drawing cool air or other substances in to pmtir^ subsystem 
180 fiom the surroundings . Printing tray 170 may include an adhesive surface coadng 
375, to enable adhesion of a printed object to tray 170. Piloting 5ub-syst«n 180 may 
include a tempecature control mut 310 and/or Temperature control imit 310 may inchide 
a heating sonice and/or a cooling sottee. Heating source may include, for exantple, 
wires» heating elerhents and/oi' other suitable con^nents.. Cooling source may include, 
fox example^ wires, cooling elements, cooling timnds, and/or other suitable components, 
Printing tray 170 may include one or more cooling tunnels 380.. Printing sub-system 180 
may include a tempeiature sensing unit 385, optionally associated with tcmpeiatuie 
control unit 310, to sense the tempeiature of celilSG, tiay 170, building materials etc.. 
Priirting sub-system 180 may include an electromagnetic ladiadon source 315, to enable 
headng of the building material before, dming, and/oi after deposition. Printing 
sub-system 180 may include an electromagnetic lamp 320, for curing and/or waimiag of 
printed objects- Printing sub-system 180 may have insulation structures, for example, 
msuladon walls 350 and/or insulation layer(s) 355.. Insulation walls 350 and/oi 
insulation layers 355 may be coated or- laminated internally by an insulation coating oi 
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coveting 360, for example, glossy aluminum foil oi ofhei suitable IR. tefiecting 
nuiterials. to leflect 1iie IR radiation Printing suVsystem 180 may Lave , for example, a 
dooi or opening fiom which printed objects may be extracted. Printing sub-system 180 
may raclnde other suitable components or combinaaions of comptHKarts. 
[0100] According to an ernbodinifiHt of the present inreulion a msfliod is 
provided to prevent and/or nmdndss object de&nnation. by printing in sudi a way that 
the piinting tempeiatnre of the upper printed layers may be above, fer example, the glass 
phase tHmsition temperature of the mateiiais. The temperature control unit 310 and/or . 
Since cming, for example UV curing, may occur at Ihe uppermost layers of lie printed 
object, fte bdldmg naflterial in these layers may remain in a jQow-able state during, for 
example, die entire curing time. When contraction takes place in a iiqmd, the liquid may 
contract in a way that requires minimum energy, which in this case, for example, may 
cause contraction along the gravitalional axis. Therefore the contraction may affect the 
height of flie material layer (Z axis). The lowei material layers may be kept below «ie 
15 glass transition temperature in order to prevent coliagpse of the object under its own 
weight, OI due to the machine's vibrations.. 

[0101] According to some embodiments, Iiigher tanperatures of the vppa: 
mateiial layers may be maintained by various means, for example, by irradiating the 
upper layers using a warming electromagnetic radiation source 315. heating the bmldmg 

20 mateiial before deposition, and/oi wanning the upper layers by heating element 312, the 
heat of the exothennic chemical reaction of the curing itself, and/oi' any other suitable 
heating source. In one embodiment, a combination of preheated droplets of building 
matsiials. a strong electromagnetic lamp 320 vAich may indnde a UV wavelengfli 
required foi curing, as well as visible and IF wavelengths for fiirfier wanning, and/or a 

25 strong exothermic reaction, may raise and maintam the required temperature of the top 
layers Other electromagnetic sources may be used,. 

[0102] According to some embodiments of the present invention, a method of 
preventing and/or minimizing deformation is provided, that may include increasing the 
intensity of electromagnetic radiation such that coring of each subsequent layer of 
building material may be conQ>leted and/or maximized prior to dispensing the 
subsequent layer of building material. 

[0103] In cases where the temperature of the lower layers of the object and/orthe 
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object's sides may be below, for example, the glass transition point, fmfhei cuiing may 
caiise sbrirddng of object mateiial in "Bie Z direction as well as in the X-Y plane, which 
may introduce sbear stress between the vaiions layeis.. According to one embodiment "Qie 
lower layers may be warmed to prevent fbrthei cmxtig of Hie object material, for 
5 example, "osing UV or other radiaticm that may reach the lower layeis when passing 
through the top layeis, and/oi may peoetcate the bare sides of the object. 
[0104] Reference is now made to Fig. 3B, ^vAich is a flowchart ilhisttating a 
melhod foi improved quality printing of 3-D ob|ects, according to some CToboctimcnts of 
the present invention. As can be seen with refermce to Fig. 3B, the method may include, 

10 at block 31, heating vp a higher layer of birildang material dming curing; and, at block 
32, cooling the object Other steps and/or series of steps may be used. 
{D105] According to some embodiments of the present ravention a method of 
preventiDg and/or miniznizing defoimadon is provided, by lessening or minimi2ing 
thermal inconsistencies in the printed object. Such a method may include, for example, 

15 cooling each dispensed layer iti turn after printing and curings by blowing ah on the top 
layer and/oi sucJdng ait fiom above the layer.. Such cooHng oi sucldng of ah may be 
enabled, for example, by using a suitable blowing unit 330 oi swking unit 340, which 
may be associated with printing head 145 or otherwise situated within priatibag sppat atos 
140. The method in one embodimerrt may not require cooUng the upper iayeas below the 

20 glass transition tenqjeratoie, but may require cooling of the top layers, for' example, such 
that tiaeh temperatures do not exceed too high a value above, for example, the glass 
transition point 

[0106] According to sotne embodiments of the present invention, a method of 
nuniniizing def brmadon is fsrovided that includes printing with the air surrounding the 

25 object at an even temperature which may be substantially similar* to the temperature of 
the top layers.. Since the top layers may be required to be, for" example, of a tenjpeiature 
substantially similar to Ihe glass transition point of the cured mateiial, a substantially 
similar temperature for the smioimding an and tiay may be advantageous. Other suitable 
tempeiaturc targets may be vtsed Per example, a warmed tray may be used to warm up 

30 the ah surrounding the object during priating For example, the printing sub system 1 80 
may have an insulated shield 355 and/or walls 350 to insulate printing sub-system 180, 
since printing sub-system 1 80 may be required to be warmed by IR radiation in order to 
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prevent cooliQg ihe object.. Optionally, the inside of the piinting sub-system 180 roay 
have a material that may be reflective in the IR wavelength region. According to one 
embodiment, the innei wall ox side of the shield 360 may be laminated with, for 
example, glossy aliiminum foil , to reflect the IR radiation. Othei smtable materials may 
5 be used. An additionai step in keeping the enviionment waim may be to avoid opening 
piinting sub-system 180 while heating, cooling and/ox* curing may be taking place.. 
Moreover, the object may be allowed to cool down slowly after piinting has completed, 
for example, with the doois or alternative openrngs of tiie printing sab-system remaining 
dosed, so as to m^^^^'^Tn nearly even temperature outside and inside the object during 

10 cool down time. 

[0107] During piinting of an object, the layers of tihe building materials used 
may diiink wiCbdn. a shoit time niterval, foi exaoiple, a few seconds or tenths of seconds 
immediately after being laid and inadiated. Additional shrinkage may occur 
subsequently y^Mle cooling.. Whsa piinting is paused, the shrinking before a next layei 

15 of material is dispensed may continue for Idngef than usual, aiid as a consequence a tibin 
'break line' or mark may be evident on &e smface of the printed object. According to an 
embodiment of tiie present invention, a method of preventing and/or inirmnizmg such '< 
'break lines* may be provided, that may Loclude keeping one oi moie layers previoiisly 
deposited (befoie such a pause) warm, for example, by exposing the layer to waiming 

20 electromagnetic radiation during such a pause, until printing of tiae subsequent layer 
lesumes Othei methods of maintaining the waimth of printed layeis may be used, foi 
example, using heating element 312. Waiming or othei' temperature control methods 
may have benefits otiaer tisan oi in addition to avoiding bieak lines.. 
[01081 In another mibodiment, *break-lines* between layeis may be minimized 

25 01 prevented by, for example, compensating the expected shrinkage in the Z-asis by 
altering the height of printing tray 170 prior- to the deposition of the next layer of 
material after piinting is resumed* For example, printing tray 170 may be lowered to 
piint a subsequent layei; but before printing of the subsequent layer, printing tiay may be 
slightiy raised to compensate for the excess shrinkage in the previous layer The 

30 previously laid layer may be leveled by levclei 1 57, and the next layei may subsequentiy 
be deposited. Since the layei thickness oi height may be equal to the level of the bottom 
of the levelei' minus the level of the top of the preceding layer, the correct layer 
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thickness may hereby be assured.. The extent to which piiniing tray 170 njay be loweied 
and/oi lifted may be determined according to the lettgth of Ihe pause in printing, and/or 
accor ding to other printing parameters . 

[0109] Reference is now made to Fig, 3C, wMch is a flowchart illxjstrating a 
5 method for improved quality printing of 3-D objects, according to some embodiments of 
the present invention. As can be seen with reference to Fig* 3C, the method may include, 
at blodc 33, depositing a layer of btdldmg material- At block 34 fee material may be 
cured. At block 35 posfliomng a printing tray at a rdatrvely Mgh level, so as to 
compensate fin the shrinkage in the previously primed and cured layer, Ihe vpMSing 
10 beir^ determined in accordance vrafli fee shrfnTcnge in the cured layer. In one 
embodnnent the printing head may be suitably moved so as to coropensate for fee 
shrinkage in the previously printed and cured layer. Ofcer steps and/or series of steps 
msy be used. 

[0110] After fee pciiiting process has been compl^d, deformadon of or damage 

15 to fee printed object may occm- during fee cooling phase of the object atid/or while 
removing the object fiom printing tray 170.. According to an embodimmt of fee present 
invention, a mefeod is provided for pievCTling such deformations, which includes 
allowing fee temperature of printing ttay 170 and the sononnding environment (e.g ., fee 
air) to decrease slowly, before opening the printing-cell and lemoving the object fiom 

20 printing tray 170.. The mefeod may include, for example, keeping printing suh-syst^ 
180 closed during cooling, feereby cooling fee printed object hy natural heal loss fiom 
fee object to the surrounding air, and fiom fee sraronnding air through the insulating 
covCT of the printing apparatus to fee outside environment. Forced airfiow around the 
object should preferably be avoided to enable even and slow cooling of fee printed 

25 object before its removal from printing tray 170. 

[0111] According to ofeei embodiments, a mefeod of preventing such 
deformations may be perfomied using a removable printing tray . Accori^gly, printing 
Hay 1 70 may be removed firom fee printing area of printing apparatus 140 togefeer wife 
fee printed object to an insulated area, within which slow cooling of fee printing object 

30 may occurs, as described previously.. The insulating area may be external to printing 
sub-system 180, and may be a moveable structure, for example, a box. The insixLating 
area may include a shield or set of walls to prevent fast escape of heat, and a flat and 
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opeai bottom. Wheja printing is complete, an opeiator, for exaxople, may open the door to 
tlie piindng sub system and place the insulating box over the tray so as to completely 
enclose the object, and then lemove ttie tiay and the object thus enclosed fiom the 
printing machine . In this way direct exposure of the object to the outside air may be 
5 zmnimized. 

[0112] According to still further embodimmts, a method of preventing such 
deformations may be petfonned usmg an insulating chamber or area situated wiftinthe 
piintrng apparatus, such that, fox example, piintmgtiay 170 bearing aprinted object may 
be automatically moved ftom tiie pimtir^ area to the insulating chamber without 

10 necessitating opening of the printmg apparatus by an operator. Such an embodimeait may 
enable automatic continuation of the printing of a next object, once the current printing 
'job* is conxpleted and a new printing tray has been pr^aiei Accoidii^ to the cmrent 
and/or previously discussed embodiment the piintei may immediately resume printing of 
a new object using, for example, ai eplacement tr^. 

15 [O'l "^3] Defbimation that may occur in the. printing process may be caused by 

physical damage to the printed object when being mantiaUy removed from the printmg 
tray on completion of printing Such deformation may be increased, fOT example vAsn 
some extent of manual oi* mechanical force may be required in its removal. 
[01 141 According to anothet embodiment of the present invention, if the object is 

20 well adh^ed to a tray, foi exanq)Ie a metal tray, the tray may be cooled, for example, by 
detaching the tiay and submerging it in cold water or an alternative cooling source. 
Additionally or alternatively cold -rater from outside or inside printing ^paratus 140 
may be made to flow within channels such as cooling tunnels 3 80 within ihe base of tiay 
1 70- The difference in the thermal expansion ooefBcient between the dms cooled tiay 

25 and flie printed object may cause the object to separate easily from tiie tray.. According to 
one embodiment shock waves oi vibrations may be imposed on the tray during oi after 
cooling, to accelerate the detachment of the printed object j5om the tiay.. 
[0115] When a 3-D printed object cools down, the X-Y dimensions may 

decrease according to the object's thermal expansion coefficient. The lov/sr part of the 

.30 object which may be firmly attached to the printing tray may sbiink, however, according 
to the thermal expansion coefScient of the tray, which rnay be substantially different 
from that of the modeling material. As a consequence the accuracy of the final X-Y 
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dimensions at the top of the object anr! at the bottom of the object roay difiisr fiom each 
othea:. Impioved printing accuiacy in the X-Y directions may be enabled by, foi 
example, iacoipoiating a soft pedestal between, the tray and the object to enable the 
bottom' of the object g^iTinlnng to be in accoidance with tibe object's thermal ejqpansion 
5 coefficient 

[0116] In an alternative embodiment^ Ihe bottom layer of the object may be 
modified to partly include, for example, pixels or othei* aieas of support material, ladrich 
may reduce &e adherence of Ihe object to the tcay. In otbet embodiments the bottom 
layer of the object may be clear of support pixels (e.g., may preferably not include 
10 support pixels) so as to increase the adherence of the object peripheiy to the tray, since 
detaching oi the object fiom -Qie tiay duinsg printing may start at the peiipheiy, The 
density of st5>port pixels may be determined in such a way that the object may adhere to 
the tray as required, while detachment of the object fiom the tray after printing may still 
be relatively easy .. 

15 [0117] The piintiug of three -dimmsional objects may require different types of 

suppoit constructions.. These may be, fbi example, 'support constructions' and/oi 
""release constructions" etc., as depicted in embodiments in US Applications 09/412,618 
and 09/803,108 both of which are assigned to the currCTt assignee and incorporated 
herein by reference, and as described hereinabove. **Support ccmstmctions" may consist 

. 20 predominancy of support material that may or' may not be combined with modeling 
material in varying ratios and combinations according to the desned strength, elasticity 
and so on of the si^port construction Support constructions may be printed, for 
example, underneath and/or' adjacent to the modeling coQSfzuction(s), according to the 
purpose which the support construction(s) are to serve, "Release constructions" as 

25 described above may consist predominantly of support material, optionally combined 
with a relatively small proportion of modeling material, and may be deposited between 
the modeling construction and its adjacent support constiuction(s) . Curing may solidify 
release constructions to provide, for example, a relatively soft layer of material. Such a 
layer may be, for example, viscous liquid, paste like, geHike or semi-solid to yai3dng 

30 extents, as required, in order to ease the separation or * release' of the support 
construction from the object after printing.. Support and release constructions other than 
those described in these applications may be used 
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[0118] The support and i^lease constructions, i-espectively, may serve the 
puiposes .si:^ested by thedr names: 'suppoit constmctioiis' may be buDt, foi example, to 
support parts or lie whole of the object being consttucted and to piwent the modeiing 
constiuction feom collapsing onto the printing tiay. For example, where one smfece of 
5 Ihe object is constructed at a less than 90° angle, a si5)port construction may be 
constructed 'underneath' tihis smfece to support its construction. Anofliet eixample may 
be vA^sste part of the object is constructed only from a cettain Z-level (height), sudi as a 
p^t branching off the main body of the obje<^ or a *lid' on top of an open object, a 
'stppoit construction' may be built iq) to the Z-level vSieie construction of this part of 

10 the object begins.. *Rjel€ase constructions' may for example be piinted between the 
modeling oonstiucdon and the support constiuction(s) to, for example, enable easy 
release of the support construction/s from the object. Support constniclions may also 
serve, fbi example, to pievmt the otgect being knocked by the leveling device, modify 
curing on liie object's side walls, improve object sur&ce quaKty;, and reduce defoimation 

15 etc. 

[0119] US Patent Application No. 10/101,089 assigned to the current assignee, 

and incoipoiated herein by reference, describes, inter alia, embodiments nMJludmg 
various possible ^es of support constructions. For example, a relatively solid siqjport 
structure may be formed usmg a sfceleton, grid, or fiamewoik of modeiUng material or 

20 modeling construction, for example in the form of vertical pillars^ bases, columns or 
other suitable stri2:tures, optionally joiaed by hoiizontal membranes, also of modeling 
rnatma\ or modeling constructioii, around, bctwewi, and/or within which siipport 
material or support construction may be dispensed, and which structure \^en cured may 
provide a semi-solid si^jport construction for the 3 -D object being built. The liuckness or- 

25 width of the pillars and/or membranes and then' placement and/oi distances between 
them, may depend on the size and shape of the object behig bmlt Other suitable support 
stinctares may be used. 

[0120] Reference is now made to Fig, 4A, which is a schematic diagram 

niustiating a grid or skeleton of structures within a support construction, accoixling to 
30 some embodiments of the present iir/eation.. As can be seen in Fig- 4A, sirpport 
constmction 400 may include a peripheral grid, for example, a skeleton of pillars and/or 
membranes 405, that may be, for example, substandaUy constructed from modeling 
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mateiial- Perrplieral grid 405 may be largei and/or more closely spaced tiian the pillars 
and/or membranes 410 within the 'body' of support construction 400.. These giid 
elements may provide additional stiength to support construction 400.. In one 
embodiment a peripheral giid or stincture may be in the form of a thin -wall of building 
5 or modeling material surrounding a support constiuctLon, to give extra stiength to the 
support constiuction. Foi example, in cases where the sitpport cosnstruction itself is very 
soft and not able to retain its own shape, e g , when the siq>poTt construction consists 
mainly of a certain type of si5>poit mateiial, such a grid may be reqtdred Grids or 
skeletons may indude pillars, bases, columns, oi other suitable structures.. 

10 [01 2 1] Reference is now made to 4B, which is a schematic illustration of a 
3 -D olgect 40 with adjacent sr^port cons1iuction(s) according to some embodiments of 
the present invention. When braiding a 3-D object 40, the mateiials making up the 
modeling constiuction 41 and those making xip the si^sport oonstructian 42 may tend to 
merge into, one another wher© -flie two types of construction meet. Such a meeting of 

15 material may lead to the formation of an interfece line 44. Such an interfece line 44 may, 
foi example, weaken the ^tial object's walls and reduce the hardness and ^ossiness of 
the final object's suifece 

[0122] Reference is now made to Tig. 4C, which is a schematic illustration of a 

3-D object 40 with adjacent support constniction(s) accorxiing to some embodiments of 

20 the present invention. As can be seen with reference to Pig.. 4C, a 'T^anier' 46 may be 
constructed, for example, from an area of vacant pixels, where no building material may 
be deposited Such a banier 46 may be constructed between the object construction 41 
and the support construction 42 to prevent meiging of materials at interface line 44. 
Such a baniei 46 may enable absorption of materials fiom each constiuction type ioto 

25 the barrier 46, as opposed to the materials spreading into each other, while at the same 
time piovidrng a line of separation between them. In tibis way, the tibickness of the 
intKfeience line 44 may be reduced The size of the banier space may vary. Fm 
example, the barriei space may he equivalent in size to a slice langing between H of to 4 
times the droplet diameter, aftei the deposited droplet has spread to its final diametei* on 

30 the printing surface (the smface of former printed lay ei). Other dimensions may be used 
[0123] Suppoit coDstriictions can be used in a number of ways to help improve 

the external appearance of the 3-D object and/or to prevent problems that may arise in 
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fee building of various 3-D objects. Vertical smfaces of printed 3-D objects may be of 
lovrer qaaHty than non-vertical surfaces, for example, because part of tiie droplets aimed 
at fee lim of each layer may miss the edge of the layer and fell to ths tray suifece or slide 
downward on tie vertical surfece of the object Additionally or alteanativety the edges at 
5 the top of the partially built object may be slightly roraaded because of the surfece 
tension chataoteristics of «»e Kquid modeling matnial, possibty cansing fee top layer of 
the object to be shortei' than as designed. 

[0124] iiefaraiceisnowmadetoFig. 5A,\vhiohisasdianaticillTsstiationofa 
3-D prinfing system, according to some ooabodiimeots ofUbo present invraition. As canbe 

10 seen with refertmce to Fig. 5A, the printing head 500 m^ jet material 520 vMLc moving 
over the piinfing area 540 in the mmn movement dnBCtion X. Therefore the building 
material 520 fiom printing head 500 may be jetted" sUghtly off fiom the downward 
direction due to the movement of printing head 500 m the X duection. AdditionaUy or 
alternatively, since the top edge of the object 560 may be rounded at the edges. HiS 

15 droplets of materials that are jetted just befiwe priiiting head 500 leaves tiie object iegioa 
may miss the object and be located, for example, adjacent to object 560. 
[0125] Furthermore, when usmg some curing, systems and material st the edge 
of an object layer may not be cured well due, for example, to an excessive amount of 
oxygen diffused fiom die surrounding air into Uie material, inhibiting die curing process. 

20 In some cases tiie uncured material may flow down on Ihe vertical wafl and accumulate 
at diffeient levels on the sides of the object, leaving shapes on the object's vertical 
smfeoes. "When fee surfeces ate cured tiie shapes that have been created on fee vwills 
may remain. Such acoHHulations as on the vertical surfeces and/or on the ground are 
herein r«fened to as "fellout material". 

25 10126] According to an embodiment of fee present invention, such fellout 
material may be prevented or mmmuzed by constructing a support construction, for 
Bxan5)le. an envelope, container or ofeei suitable consbuction around fee sides of an 
object {e.g., in one embodunent adding a 'thickening' layer to fee vertical waUs). This 
ma>' bs referred to as a 'thickening layer'., Such a construction may cause fallout 

30 material to accumulate on fee sides of the support layer, or may cause fallout materials 
to be absorbed into fee support layer, and not on fee sides of fee object itself hi this 
way, fee accumulated f aUout material may be removed fiom the olgect togefeer wife the 
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siippoit constniction aftei piinting.. Fuithennoxe, the siqjportmg envelope may shield fhe 
object wall from air and may thus prevent the division of possibly inhibiting oxygen, 
for example^ into the modeling material.. In this way liie wall's edge may be cured more 
efficiently and the modeling matenal may be prevented from flowing down to, for 
example, create waves. Moreovei such sijgppoit ©avelopes ca- sbructores may lednce 
lonndiDg of fhe top edges of fhe object.. This may be useful, fox example, when piinting 
an object with 90° edges. 

[0127] In othet embodiments, thickening layers may also be used to help even 
fhe finished object surfiaces. Object smiaces which ate in contact with support 
construction dmix^ printing may have a **niatte" appearance aftei piinting has been 
completed and Ihe support structure has been removed, while snr&ces liiat were not 
being supported may appem: more glossy. The use of a fhickemng layer, for exarnple, a 
thin layer of si^jport around fhe entire object, may also prevent the formation of visible 
break lines (e.g., thin protrusions) on the object surface between areas that were in 
contact with support construction and those ^at were not, 

[0128] In some embodiments, a thickening layer(s) may be used to prevent roller 
or leveling device knocking, wherein leveling device 157 such as a roller oi' blade may 
collide with a printed object.. When the leveling device enters the object area there may 
be a slight knocking. When the knocldng is relatively strong, defoimaiions may result, 
for example^, thin object walls may be broken, and large areas of the printed object may 
be deformed, &st example, may be wavy, as a jresiilt of leveling device oscillations 
brought about by knockings. 

[0129] In general when printing, the int^&ce material laid at the uppermost 
surfrice of the object may tend to take on a rounded shape at the edges of the object. 
However, this 'rounding' may be agnificantly more pronounced when printing thin 
walls and/oi pins like shapes. As a consequence, the ridge or center of the thin wall may 
be higher tihan ejqjected. Since a printing movement in the backward direction of X may 
be followed by leveling action of a leveling device 157, which may be attached to a 
printing block, for example, behind the piinting head. Any leveling, however, may not 
follow printing movement in the fbiwaid dnection, which may r esult in part of an object, 
for* example, a wall ridge, being built and ciued to a higher height than designed duiing 
fhe forward direction. As a residt leveling device 157 may collide with fhe object wall 
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dming the backward movement. Adding a 'thickening' layer at both sides of the fhiii* 
wall may prevent roxmdii]® and tfaeiefore prevent collision or' knocking of the leveling 
device wiftx the top of the wall. 

[01 30] Knocking may occm even TAen printing thick objects, for example, ^en 
5 pTinfing thick -walls that are perpendicnlai to tiie printing direction X. This may be due, 
&r example, to movement axles that are not stifi enougji. With sudi non-iigid axles, 
such very sligjit collisions that may unavoidably happen when the leveling device enters 
Ihe object aiea may initiate leveling device oscillation in the Z ditection. Strong 
(KciHations may result in stnrag knocking . ThickKiing may lessen the initial collision by 
1 0 smoothing the pressure step function th^ the leveling device may ''sense'* when enteiing 
the object area, therefore lessening or preventing the onset of leveling device 
oscinations. Other sequences of movements, foi example, not requiring backwards and 
foiwards movements, may be used. 

[0131] According to one embodiment^ one oi more support constructions may be 

15 constructed around an object, thereby providing a body outline., A body outliae3 as can 
be seen with refeience to Fig, SB may include one or moie constructions or layers, in 
any combination.. For exan^)le, an object construction 50 may be socrounded or partially 
sunounded by an ah bamer layei' 51. Air barriei layer 51 may help, for example, to 
prevent mergtng or -miving of modeling and si5>poit matddals etc- A soft constiuction 

20 layer 52 may be built, to enable easy removal of a support constiuction ftom an object. 
A suppoit construction 53 may be built, which may help in preventing a projection of 
coarse grid &>m^ for exan^le, a bulk siipport constcuctLon, on the ob}ect*s surface.. Bulk 
suppoit material 54 may be dispensed as a layei oi rc^ss of material, to provide suppoit 
for object construction 50 or support constractions. A peripheral support construction 55 

25 may be built, for example, to reinforce support construction 54 Such a peripheral 
support constnictioi; 55 may enable provision of sufficient suppoit for object 50, 
possibly at a minnnal cost^ and enabling easy suppoit removal. A pedestal suppoit 
construction 56 may be built, which may act like a buffer* between the printing tray 1 70 
and object 50.. Pedestal si^port construction 56 may help prevent deformation, by, for 

30 example, decreasing the diference of scale accuracy between "ftie bottom and upper 
sides of object 50, helping ease detachment of object 50 fiom ttay 170, and/or helping 
enable accurate leveling of the lower layers of object 50 by ievelei 157. One or more of 
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the above described support constructions may enable, for example, separation of 
piinted object 50 fiom tiie tray, separation of printed object 50 fircnn its snppoit 
constiuctions, and/or reinforcement of the object construction-. 

[01 32] In one embodiment, a body outline, wMch may be a reinfbiced layer 
5 constructed around a printed object, may be constructed mthin a support constiuctioiL A 
support construction may include a number of body ouBines. Foi example, one body 
outline may surround a second body outline, or may be located in my olhei suitable 
location relative to one or more other bo^ outlines. A body oufBne may, fbi example^ 
inchide a grid oi othet suitable su^^rt constructioiis- Each such body outline may oi 

10 may not have a differmt grid. For example, a first body outline adjacent to an object 
constEUction may be a thin layer of support mateiial or another suitable support material. 
For example, a layer of approximately 500 mic^ns or other suitable dimensions may be 
used. Smroundmg this first body outline^ a second, optimally thick® body outline may 
be constructed, for example about 3 mm thick or having other suitable dimensions . 

15 Third, fourth, G&h etc. types of body outlines may be subsequently constructed Each 
body outline may serve a purpose in improving construction, quality and/or appeaiance 
of a printed object For example, ttie first body outline may enable separation of the 
object j&om the support constructions. The second body outline may, for example, 
produce a uniform surfece, which may used to provide required object-surface quality. 

20 The third body outline may, for example, be constrocted using a relatively high 
modeling material to support material ratio, therefore providing a more solid or rigid 
building matrix- This third body oudine» for example, may or may not be tfaickei than the 
second outline type. The fourth body ouUine, for example, may include a relatively soft 
grid, and may facilitate removal of lar ge masses of support material.. Other types of body 

25 outlines or- combinarions of body outliDes may be used. 

[01 33] Taking into accouirt the possible advantages of each type of 

body outline, diEferent objects may require difiFerent kinds of body outlines, For 
example, an object lequirmg a larger mass of support may benefit fiom further body 
outUnes. For example, a ring approximately lOnnn hi^ may benefit fiom body outlines 

30 1 > 2 and perhaps 3 . For example, a cellular' phone approximately 20mm high may benefit 
fi-om body outlines 1, 2, 3 and 4. Preferable combinations of body outlines may be 
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deteunined according to the object being built and the relative advantages and 
disadvantages of each type and/or combination of body outlines. 
[0134] Reference is now made to Fig. 6A, wMch is a sdianatic diagram 
illustiating a giid construction 600 that may be implemented as, for exanq)ls, a "support 
construction.", according to some embodiments of tiie present inveDtton. Sudi a giid 
constructioa 600 may be defined as a construction Ibat may iiiclude support material 
reinforced by discrete modeling material dements oi areas. For exan^Ie, a giid 
construction 600 may be canstiucted by oonsttuctliig one or more continnous sappait 
material layers 610 that may be icin&rced by one or nioie continuous columns, bars, or 
pillflrs of modeling material 620., This kind of sqjport construction, vrtsch may include 
cratinuous modding material areas, is herein referred Id as a "Normal continuous giid". 
The CAD software, ft>r essaanpis, which may ptovide instruction to printing system 100 
to construct grid constructions, may enable construction of various types and forms of 
grids, for example, "body outline grids", "multiple grid designs", and "contacting grids" 
15 etc., as afe described iii detail below.. Such additional grid improvements may be 
generally refened to herein as "smart grids". The various methods and structmes 
describe herein may be affected by a system controUer 105 associated with softwaie 120 , 
[0135] According to an embodiment of the present invention, a multiple grid 

type support construction may be constructed by dejBning, foi example, grid widths (e..g., 
GRID ■WIDTHl) forX, Y and/or Z-axes, and grid spaces (e.g., (SUD SIEPl)- These 
definitions may pixjduce, for example, a continuous area of support material remforced 
by a continuous oi non-continuous grid constructed fiom modeling mataiaL GRID Step 
. 1 may, for example, be defined as tiw distance (in each one of the 3 axes) between 
modeling grids as defined by GRID WIDTHl. where GRID WIDTHl may define the 
25 dimension (in each axis X, Y and Z) of the reinforcing modeling elements included in 
the support constiuction. 

[01 36] Rfifraaice is now made to Fi^. 6B, -vMda. is a schematic mustiation of a 
grid constiuction. according to an embodiment of tiie present invention. As can be seen 
with reference to Fig. 6B a second definition, including for example, GIOD STEP2 and 
30 GRU^ WIDTH2 for X, Y and Z may be defined. Such a definition may be applied to 
grid construction 600 resulting fiom the modeling grids defined by GIOD SIEPl and 
GRID WIDIHl. Ihe definitions of, for example, GRID SIEP2 and GRID WIDTH2 
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may pioduce, for example, a continiious medium made of surppoit material between the 
grids, and a non-coiitinuoiis modeling grid made of the lesnltizig giid as defined by 
GRID SrEP2 and GRID WIDTH2. la this way, each grid (e g, remfoicing element) 
defined by GRID STEP2 and GRID WIDTH2 may be constiucted fiom a grid mass as 
defined by GRID WIDlHl and GRID WIDIH2, In some embodimeiita GRID STEPI 
may be feimier tiian GRID STEP2, as each grid defined by GRID STEP2 may include 
the resulting supporting constraction fomied by GRID STEPI.. hx some embodiments 
GRID WIDTHl may be smallei fiian GRID WIDTH2, as each grid d^ed by GRID 
WIDTH2 may include the resulting supporting ccoostiuction fomied by GEUD WIDIHl . 
[01 37] Such a grid, as described above (e..g., with non-cordnuous modeling 
elements), may enable the definition of "JC, *V and "Z** modeling grid dimensions 
(e g., GRID WIDTH), as wdl as the **X", "Y" and "Z" distances between modeling 
grids (eg., GRID STEP). In one embodiment Z-step may equal zero, ^lich may result 
in the giid including continuous modeliag columns (see Fig. 6A and 6B). In anotiuer 
embodiment, as can be seen with reference to Fig. 6C, Z-^ may not be zero, which 
may resulting in non-continuous grid columns, with at least one gap 630 betwe^ grid 
columns Directions **3C, * V and «Z** aie used by way of example.. Other suitable 
duections or direction variables may be used. 

[0138] in anotiier embodnnent, the gap 630 between modeling giid elements 
(e.g., sticks and columns), vMcb are refected to herein as "Modelirig Grid break**, may 
not necessariOLy occur at the same locations for the various modeling elements. Such a 
case may result in a grid construction that may include a non-continuous grid, where 
each giid line may have gaps or grid breaks 630 set different locations, as can be seen 
with refeience to Fig. 6D„ For example, a normal non-continuous grid as Ulustrated in 
Fig. 6C may produce a wcakex Z-axis support construction than fee corriiimous pid 
illustrated in Fig. 6 A However tiie Z-axis stqpport constraction of Fig.. 6C may produce 
a strongei Z-axis si5)port construction than the non-continuous Grid illustrated in Fig. 
6D.. A non-continuous grid, such as liie grid illusttated in Fig 6D, may provide stronger 
X and Y- axis sirppoit, for exainple, than the normal non-continuous grid of Fig. 6C, by, 
for example, assming that a modeling grid break does not form at the same locations in 
the various modeling matffrial elements.. A non-continuous smart type of Grid may 
result, for exarrqjle, in an improvement in support removal, compared to the normal 
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contimo-us type of grid. In other embodiments the diameter of the modeling giid 
elements laay be increased without substantially negatively efffectrag the support 
removal fiom a piinted object and wrfiiout substantially negatively affecting support 
removal pxopeities . 

5 [0139] It should be noted that when used herem the X, Y and Z 

directions may be relative to each other, and need not be absolute, and fiizthet the use of 
descrq>tions of movemfint in these directions is by exantple only, and other movement 
pattems and schemes are possible. Furfher, some embodiments described herein include 
a piint head or othei equipment havir^ a cettain movement pattem (e-g.., foiward and 
10 backwards, etc), or a certaia timing pattern of movement relative to jetting, cuiing, etc. 
ThesemovemcntandtiraingpattenisarBshowaby way of example 03^^^ Other suitable 
movement and timing pattems may be used. 

[0140] In another' embodiment, a finther definitioa, including for example, GRID 
STEP3 and GRID WIDTHS for X and Y may be defined, Such a grid may, for example, 

15 be constiucted so as to transcend the body outline and make contact with the piinted 
object itself In this way, for example, such a giid may impart to the printed object high 
adhesion of the entire support construction Usage of suc±l giid constructions may help in ^ 
eliminating oi significantly reducing ihe possibility of the modeling constmction beii^ 
separated fi om the suppoit constEuction(s) during or after printing.. For example, the grid 

20 Width definition and tiie giid gap defizdtlan may be significantly incieased (e g., GSJD 
Width 3-1, GRID Step 3 1) at a grid base, to cover an area that may come into contact 
with the printing tcay. Grid width definition may be significantly decreased (e.g.., GRID 
Width 3-2), at a grid end, to cover an aiea that may come into contact wifli the object, to 
enable relatively easy release fixxm ihe object Additionally, between, for example^ 

25 GRID WIDlHs 3-1 and 3-2, the column {CSRID) dimension may gradually be changed, 
for example, the giid column may taper, fhereby narrowing significantly towards the end 
of the grid, where the giid meets the object. Other suitable grid definitions or 
combinations of grid definitions may be pr ovided. 

[0141] Inaccuracies aiKi/ci impsifections in the final printed 3D object oi model 
30 may occux foi a number of reasons.. Even if' the inaccuracy is minitaai, the error may 
have serious consequences for example, vs^en two or more parts are designed to fit 
together, a slight inaccuracy renders this impossible According to some embodiments of 
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the present invention, in ordei to limit the inaccuracy to a proportion acceptable in the 
art, e .g.. 0.2 -mTn. , oi even smaHei' proportions, mpdiGcations may be introduced to the 
conjSguied data (for example the STL file) taking into accotnit the jparameters of printing 
^paiatus 140, the printing process and the building materials being used. 
5 [01 42] Lnpeifecdons in 3 -D pxinted objects may occm foi example, when one oi 
more nozsles 147 on printing head 145 are wholly ox parSally blocked^ defective or 
non-functionaL According to some embodiments of the present invention, if these 
pxoblematic nozzles remain non-functional even after- purging or.othei' tceatment, they 
may be defined in fee apparatus controU^ 105 as **missing nozzles'*, which may be 

10 compensated £ai during the printing process. An appamtos and method of detecting such 
'^ssing nozzles" is described and exemplified in PCT Application Number 
PCT/EL03/00746, filed Septembex 1 1, 2003, titled "APPARATUS AND METHOD FOR 
CALIBRAIION IN THREE-DIMENSIONAL MODEL PRXNUNG", of the same 
Assignees, vMch is incorpcaated herein by reference in its entirety, 

15 [0143] In one embodiment the efifect of roissing nozzles may be spread ovei a 

greatex area by, for example, sliifting printing head 145, foi example, in the Y-direction 
between printing cycles . Ihe range of shift may need to be wide enough to be eflfective 
in compensating foi the printing lack caused by missmg and/or defective nozzles, but 
still small enough to prevent sigmbScant enters in drop deposit placement due to 

20 'linearity' errors in the Y-axis, Other types of shifting may be used, and in other 
directions. Random shifts (e.g., wifein a predefined shift range) may be made in between 
layers oi wrthin layers (e.g., in the reverse direction of the printing head).. By using such 
shifiing of printing head 145, and by taking into account the design of the object as 
defined infte data (e g , CAD, COD oi STL file etc.) and a map of missing nozzles as 

25 defined in the data, printing apparatus 140 may avoid printing two or more successive 
layers with missiag nozzles in the same location. In the case where a gioup of missing 
nozzles exists, special compensation steps may be taken, for example, defining a shift 
algorx&m to ov^come the lack in a specified aiea of printing head 145 . 
{01 4-^ Foi example, the piinting head may be shifted bct^;v'een passes to prevent 

30 fioll or partial overlap of, for example, the Y localion of a the group of missing nozzles in 
two or more consecutive layers. If a missing group of nozzles is located at one of the two 
end points of fee printing head movement, for example, the effective size (lengfli) of the 
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tead may be reduced by excluding a portion of the end jfrom participaiing in -pdntmg.. 
The system controllei 105 may for example calculate print data xising a smallei'-sized 
printing head, and/or onutdng naissing oi malfimctioning nozzles. In such cases^ CBxix 
layer may be printed twice or more, for exmiple, vfbsiQ the jninting head is shifted in 
5 the second or subsequent prints fiomfhe iitst, in sucha way that the missing gtoupsmay 
not ovcil^ in snccessrve prints. 

[0145] In another example, missing nozzles may be compensated for by nsing a 
system of 'back intradacing'.. Controller' 105 may, for example, introduce a shift of 
{Hinting head 145, for example, in the Y direction befoie its backwaid/revezse passage 
10 ovei flie printing area in the X axis, taking into account the map of missing nozzles 
defined in the SIX file, to compensate for missed pixels in the object; Coi^oller 105 
may use oi calculate adjustment parameters, including for example^ vaxious dimensional 
adjustments, shifting of the jfimt head, alterations to piitit head movement, and/or 
alteiadons in the ^^'ay that the inpxit data may be conveited, to print data. 

15 [0146] According to some embodiments of Uie present invention a number of 

adjustments to the X,Y and/oi Z-axes may be configmed in the STL file or other suitable 
data file, to help achieve a higher quality product, both in strength and in appear ance. In » 
one embodiment highez resolution of each printed layer may be obtained by ^intslacmg' 
succesdve layers of building materiaL For example, slight adjustments may be made to 

20 the printing head's positioning in the X and Y- axes at each new Z level, sudh that drops 
of building material may fall *in between' drops deposited in the previous 
forv^^ards/backwards motions of the printrng head, thus interlacing l^ers of building 
material.. In one embodiment, the inteilacing may involve, or may be the functional 
equivalent to, printing a layer* wh^e the printing head has a certain reference fiame (e. g.., 

25 starting coordinate); and printing a second layer with a second reference fiame, the 
second reference fiame being dififerent &om the first reference fiame.. Any suitable 
numbei of subsequent layers may be printed, each layer having a reference fiame that 
may or may not be similar to other reference fiames.. For example, the reference fiames 
may be shifted slightly, and in the case where two or' more such layers are printed, the 

30 reference fi-ames may be repeated. 

[0147] In anolher embodiment, higher resolution may be obtained by sending 
dif5Bsrcnt information to lie printing head for each Z-movemcnt of -flie printing head. 
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Whereas the foiwaid and backward movements (e.g., X and Y movements) of the 
printmg head ate usually at the same Z height, an adjustment may be made in the Z-axis 
. piior to ihfi reverse passage of the printing head such that the layer deposited, dming iho 
Inverse passage may be slightly removed in the X, Y and/or Z axes to, for exanrple, 
fimhei increase accinacy of the printing object.. This embodiment may be especiaUy 
pcacticabie when printmg an object that may be curved in shape in the Z-dnwtioii.. 
[0148] Ref^ence is now made to Kg. 7A» which is a flowchazt illustrating a 
method £xr 3-D object printing that may enable compensation for nonfunctional or 
problematic nozzles, according to an embodimCTt of the pxesent invention. As can be 
seen with reference to Fig. 7A, the method may include, at block 70 detecting 
problemalac no^es.. F or example, a nozzle test procedure may be executed periodicaUy 
or randomly, in which, for example, the printing head may be operated fox one layer and 
a lest series, for example, a seiies of small bars, may be printed for each nozzle. An 
operator' oi nozzle detector imit may detect missing or problematic nozzles by checking 
the printout, Such a printout may be done on tray 170, on a paper sheet attached to tray 
170, or on aaottier suitable medium . The data hidicaling the statiis of nozzles may be 
priocessed by controller 105, and, at block 705 Ihe printing coordinates for the object to 
be printed may be adjusted, to compensate for the problematic nozzles.. Other steps 
and/or series of steps may be used. 

[0 149] Refeience is now made to Fig. 7B, which is a schematic illustration of a 
printmg apparatus, according to an embodiment of the j^esent inventioa. In cases where 
printing is executed whh a nozzle array 800 with a large nozzle step, for e^rample, where 
the apace 810 in between no2zIes is larger than the droplet diameter, gaps S30 may be 
evident between the tracks 820 of d^osited material, which may cause the sur^e(s) of 
the object to be uneven in texture or 'jSnish', e..g.., stiipe -like tracks may be ^par ent on 
the surface of the printed object. According to an embodiment of the present invention, 
such gaps 830 between tracks of deposited mstdisd 820 that may be evident after, for 
example, a first X piintir^ motion, may be filled by shifting the nozzle anay 800, for 
example, by a half-nozzle step in the Y direction before a next X complementaiy 
printing motion. Foi example, if the first motion is in forward X direction, the second 
Eoay be in backward X, and vice versa, if two complementary X motions, as described 
above, are not sufiScient for filling the gaps between printing tracks, more 
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compleiaentary X motions, may be used, optionally with smaller Y shifts betweea each 
Foi- example, 3 motions mth a I/S-nozzle st^ shift, or 4 motions with a 1/4 nozzle step 
shift, etc^ may be used in the same layer. Since the nozzles may differ fiom each other 
in their intensity, and some of flie nozzles may be "dead*", lines of high and low 
5 accumulated mateiial, or aieas of missing material may be formed According to one 
embodiment, the Y location of the head (or nozzle airay) may be toggled between &e 
different piinting movements in the X direction. Foi example, landom Y shifts may be 
executed, or non-random shifts, as determined by controller software 120 IHs 
piocedme is faeiein refeixed to as '^nozzle scatter^. In tius way a Y shift associated wifh 
10 '*no2zle scatter" may be used in order to improve unifoimity of the printed surfece and 
compensation for missing nozzles. 

[01 50] Reference is now made to Fig. 7C, which is a schematic illustrafion of a 
printing q)paiatus accotding to some embodiments of the present invention. A printing 
block 700 xDsy include one oi more cming sources 710, fbi example, UV lamps. A 

15 leveler 720, for ex8nq)le, a leveling roller, may be designed hi a way that it may only 
operate on the printmg material before solidification of the material. Since levelei' 720 
m^ be located on the right side of jetting Kead oi no22!3e airay 715, in the illustxaled 
example, the leveler may only be enabled to touch the material layer when an X motion 
of the head is from tight to left. Therefore, m order to assure tiiat the loUei does not 

20 touch the layer during an X movement from left to tight, a minm downward correction 
of the height position of tray 730 may be peifoimed before an X motion fi:om left to 
right, foi example, lOQp downward It should be noted that lie notions "X and Y 
motions of the head assembly" may refer to motions relative to tiay 730.. Ihereferc X 
motion to tiie left may be done by moving tray 730 to the right m reject to the axes of 

25 earth while jetting head 715 is stationary, etc.. The same principal may refer to Z height 
or motion of the tray, which may refei to the height or motion of the tray relatively to 
head 715 position or motion. In another embodhnenl the size of tte resolution pixels in 
the Y diiection may be set equal to Y nozzle step or the Y minimal step between the X 
movements comprismg a slice (e.g., half-noTzIe step or tfaiid oi" qaarter steps, etc. as 

30 described above). 

[0151] According to a fbithei embodiment, since some nozzles may not be 
functionmg at a given time, a procedure of shifting the nozzle array in the Y direction by 
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whole multiples of the nozzle step from one complementaiy X motion to another may be 
added onto the shifts of parts of a nozzle step.. A shifting algoiithm that may be ijsed 
may be similar oi the same as that used between adjacent slices in, foi" example, US 
Patent No 632593962, of the same assignees and which is incoiporated heieua by 
reference.. 

[0152] In some cases printing a slice using moie than two compIetDentaty X 
piitttmg motions may cause a collision of the leveling device 157 willi the object This is 
because the tracks that ate foimed dtoing an X movement from left to right be solidified 
before being leveled by the roilei.. In one embodiment this phenomenon may be 
pxeveoted by including two leveling devices, one on each side of die piinting head arr^.. 
In an additional embodiment &e appatatus may include only one eating lamp, located at 
a side of the leveling device (see Fig7C). In one embodiment, wiien an even numbex of 
X piinting motions may be required, the fu:st movement may be a backwaid movement, 
for exaniple, from light to left. In aR the subsequent forward movements, foz' example, 
left to light movements, except for the last left to light movement, material may be 
injected on tracks that are not touching their neighboring tiacks. Dming the backward 
movements (except foi the first backwaids movanent) material may be iryetted on ^ 
tracks that touch their neighboring tracks on each Y side. The tracks that touch 
neighboiing tracks may piotiude higjier than Ibe roUei height in Z. Since these are only 
the backward tracks, &e rollei can level up Ibese tracks before they solidify, and 
collisions may be prevented. 

[0153] An embodiment of this invention is illustmted in Fig» 7D. Profiles of 6 
tracks (in a case of 6 Y shifis, foi example), corresponding to an i-th nozzle are sho-wn in 
a Y-Z cross sectional view As can be se^ in Fig.. 7D, every time that a track is built 
higher ttian the roUer height, the track may be printed during a backward movement, and 
th^foie the leveler may easily level up the building mareiial. The numbers in the figure 
indicate the temporal order of track piinting; B and F stand for Forward and Backward 
[01 54] The diopJet diameter d nmy set an upper limit on the possible resoludon 

ly in Y direction thai can be achieved while printing a slice, namely ly = 1/d. According 
to an embodiment oi' the present invention, higher resolution may be provided in the Y 
direction. As can be seen with reference to Fig. 7E, when higher resolution in Y is 
required, a combination of two or more consecutive slices 01 layers may be used. In the 
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fest slice only part of the pixels set by the higher resokition may be printed. An 
additional part of the pixels may be piinted on the second slice, and so on.. 
J01 65] For example if the required lesoliition is 3 times largei* than 1/4 3 slices 
may be used in a way that the first slice prints, for example, 1,4,7,10,13 series of 
5 successive pixels, the second prints 2,5,8,ll>14j and the Hdrd piintts 3,6A12,15, 
s&dcs. In ^Lch sKce the contjsnt of fee high-resolution pixel map may differ &om the 
fbrmei slice accoiding to the change of Z (tie axis in the hei^ dkection).. Ihe grid of 
pixel locations, however, may prefeiably be kept constant in respect to the X-Y stait 
point Because of the small slice thickness, the result of such printing may be very close 
10 to the lesidt of true high-iesolufion printing . Ibis method may enable, for exaniple, hi^ 
resolution printing, but using a smaller data file than olhei-wise would be requjred to 
obtain the same result. 

[0156] It should be noted that the vaiious methods and stEUCtoies described 
herein may be effected by a soitable 3-D printer and a controlling unit possibly in 
15 conjunction with software and/or hardware elements, sudi as for example, controller 
105, printing q>paratus 140 and the various associated components described in Figs 1, 
2 A and 3A, but may be effected by other suitable 3-D printing software md/at ' 
apparatuses having other functionalities and sttuctures.. 

[01 57] The foregoing description of the embodiments of the invention has been 

20 presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. It should be 
appreciated by persons skilled in the art that many modifications, variations, 
substitutions, changes, and equivalents aie possible in light of the above teaxdring. It is, 
therefore, to be understood that the appended claims are intended to covca all such 
25 modrficarions and changes as fall within the true spirit of flie invention 
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